Summary. Oestrus was synchronized in 8 cyclic heifers by progesterone treatment (PRID), after which the animals were monitored for one control cycle to measure the inter-oestrous interval. Osmotic minipumps containing saline (controls, N = 3) or oxytocin (N = 5) were implanted subcutaneously on Day 10 of the second cycle, and removed 12 days later. Jugular venous blood samples were collected daily for measurement of progesterone, and every 2 days for oxytocin. In addition, blood samples were taken every 10 min from 1 h before to 3 h after minipump insertion for measurement of plasma 15-keto-13,14-dihydroprostaglandin-F-2\g=a\(PGFM) and every 30 min over the same period for measurement of progesterone and oxytocin.
Introduction
Oxytocin and prostaglandin F-2a are now thought to play an important interactive role in luteolysis in the ewe (for reviews see Flint & Sheldrick, 1986; Wathes et al, 1986a) . In cattle the role of PGF-2a as a luteolysin is also well established. Pulsatile secretion patterns coinciding with luteolysis have been demonstrated (Kindahl et al, 1976a; Betteridge et al, 1984) and synthetic PGF-2a analogues will reliably induce luteolysis when injected into cows at mid-cycle (Schams & Karg, 1982) . However, the role of oxytocin in luteolysis in cattle is less clear. Oxytocin is known to be synthesized in the bovine corpus luteum (Swann et al, 1984; I veil & Richter, 1984) , and patterns of release into the blood stream have been determined during the luteal phase and periovulatory phase of the oestrous cycle after induction of luteolysis by synthetic PGs . A luteolytic dose of cloprostenol analogue) on Day 12 caused a single episode of oxytocin secretion to be released 5-10 min later, but no subsequent pulsatile release pattern . Vighio & Liptrap (1986) showed the spon¬ taneous pulsatile release of oxytocin and PGFM into plasma to be highly correlated in 5 out of 10 cattle on Day 18 or 19 of the cycle, but no clear pulses of either hormone occurred during sampling of the other 5 animals. Abdelgadir et al. (1987) Armstrong & Hansel (1959) and Hansel & Wagner (1960) showed that oxytocin, when given in vivo as discrete injections on Days 3-6 of the cycle, produced an early return to oestrus, and this effect was abolished by hysterectomy. However, treatment on other days of the cycle had no effect. Similarly, Oyedipe et al (1984) showed that oxytocin administered on Days 2-6 of the cycle caused an early return to oestrus characterized by lowered concentrations of progesterone and release of PGF-2a.
Accordingly, although there is good evidence to support the hypothesis that oxytocin and PGF2a may be acting in a positive feedback system to control luteolysis in sheep, there is less direct evidence linking secretion of oxytocin and PG to the control of spontaneous luteolysis in cattle, and it has been suggested (Schams, 1987) that the endocrine processes leading to luteolysis in cattle and sheep may not be the same. Flint & Sheldrick (1985) (Hoechst, Frankfurt, West Germany), 14-7 mg/ml dissolved in 0-9% (w/v) NaCl containing 001% acetic acid (n = 5), or vehicle only (n = 3). The minipumps were removed after 12 days. Each minipump was incubated for 1 h in 0154M-NaCl) at 37°C before and after the experiment for oxytocin radio¬ immunoassay (RIA) to calculate the release rates.
Blood sampling
Blood was taken daily by jugular venepuncture into heparinized vacutainers, and centrifuged immediately. Plasma was split into 2 aliquants and stored at -20 C until assay for progesterone and oxytocin. In addition, all animals were given an indwelling jugular cannula 2 h before minipump insertion. Blood (6 ml) was taken every 10 min from 1 h before to 3 h after minipump insertion, centrifuged in a tube containing 0-2 ml 6% (w/v) sterile sodium citrate contain¬ ing 2-5 mg aspirin/ml and the plasma stored at -20DC until assay for 15-keto-13,14-dihydroprostaglandin-F-2a (PGFM) . Every 30 min an additional 6 ml blood were taken, centrifuged in a heparinized tube and the plasma stored at -20°C until assay for progesterone and oxytocin.
Radioimm unoassays
Progesterone. Plasma samples were measured by the method of Hunter et al. (1986) . Mean extraction efficiency was 86%. The assay showed negligible cross-reactivity with other major steroids. The minimum detectable dose in plasma was 0-6 + 0-39 ng/ml (mean + s.d.). The intra-and inter-assay coefficients of variation were 10-4% and 14-8% respectively.
Oxytocin. Extractions were performed using a modified version of the method of Wathes et a! (1986b). Plasma (2^t ml) was applied to a Sep-Pak C18 Cartridge (Waters Associates Ltd, Milford, MA, USA) which was then washed with 20 ml 10% acetonitrile (BDH Ltd, Poole, Dorset, UK) in 01% trifluoroacetic acid (TFA: Rathburn Chemicals Ltd, Walkerburn, UK) and the peptide was eluted with 3 ml 80% acetonitrile in 01% TFA. Each cartridge was used twice. The mean extraction efficiency was 73%. Extracts were freeze-dried and resuspended in 450 µ assay buffer, centrifuged at 2400 g for 20 min to remove sediment and assayed using the method of Wathes et ai (1983) . Radio¬ immunoassay was performed on extracted samples and extracted buffer blanks. The antiserum used (85/2) crossreacted 1% with mesotocin, 0-03% with lysine vasopressin and <0001% with other related peptides. The minimum detectable dose was 0-2 ± 005 pg/tube (mean + s.d.). The intra-and inter-assay coefficients of variation were 8-7% and 14-9% respectively.
PGFM. Assays were performed on diethyl ether-extracted samples after the method of Kaker el ai (1984) with an extraction efficiency of 75%. The antiserum cross-reactivity was 8% with 15-keto PGF-2a, 0-7% with 13,14-dihydro-PGF-2a, 0-5% with PGF-la, PGE-1 and PGE-2 and <01% with PGF-2a. The sensitivity of the assay ranged from 38 to 96 pg/ml plasma, with a mean minimum detectable dose of 32 pg/tube. The intra-and inter-assay coefficients of variation were 22-7% and 36-2% respectively. All samples from each animal were analysed within one assay.
Statistical analysis
Data on behavioural detection of oestrus, plasma oxytocin and daily plasma progesterone profiles were analysed using Student's I test. Results for plasma PGFM concentrations before and after the start of oxytocin infusion were pooled and Student's ; test or a blocked 2-way analysis of variance was used when appropriate.
Results
The subcutaneous insertion of oxytocin-containing osmotic minipumps raised plasma oxytocin concentrations in treated heifers to 89-6 ± 10-25 pg/ml (mean + s.e.m., see Fig. 1 ) compared with 4-9 + 0-42 pg/ml in control animals during the treatment period. In 4 out of 5 treated animals the plasma oxytocin level was consistently high throughout the time of pump insertion but in the other animal (Heifer 1) the values were erratic with 4 results out of 7 being less than 20 pg/ml with a range of 3-5-170 pg/ml. In the same heifer a very rapid release of oxytocin into the plasma after minipump insertion occurred, reaching levels of 475 pg/ml at 2h, compared with only 77 + 14-9 (mean ± s.e.m.) pg/ml in the other animals (see Fig. 3 ).
The rates of release of oxytocin from the osmotic minipumps as measured by assay of saline incubations of the minipumps were 26 + 4-1 µg/h before insertion and 9 ± 3-7 µg/h after removal from the animals (mean ± s.e.m.). In Heifers 3 and 6, the release rates after removal were relatively low (0-53 and 5-7 µg/h respectively).
Observations of behavioural oestrus showed that heifers receiving oxytocin by osmotic mini¬ pumps had a significant lengthening of their oestrous cycles by about 5 days over all control cycles (Table I ). The daily progesterone measurements (Fig. 2) showed that in cows receiving oxytocin the luteal phase was extended by 4-5 days with progesterone concentrations maintained at normal mid-luteal values. After the delayed luteolysis, the animals appeared able to initiate a normal oes¬ trous cycle, as judged by increasing progesterone concentrations occurring at the expected interval (1-2 days) after the delayed return to oestrus. The heifer receiving an erratic flow from the osmotic minipump (No. 1) had the shortest extension of its test cycle over the control cycle (2 days).
Blood samples obtained at the time of pump insertion demonstrated a rapid rise in plasma oxytocin concentrations in test animals from 30 min after the start of infusion. There was no corresponding rise in the controls (Fig. 3) . Plasma progesterone concentrations were unchanged throughout this time in the test and control animals, with no difference between the two groups (Fig. 3) . During the same period, more frequent blood sampling (every 10 min) and subsequent PGFM assay indicated that the increase in plasma oxytocin levels produced by pump insertion had no effect on mean PGFM output (Table 2 ). In addition, examination of PGFM profiles from individual animals showed no discernible alterations in patterns of release or pulsatile activity during the sampling period. All values fell in the range 39-142 pg/ml, with the highest value being recorded in Heifer 5 (one of the control animals). Kotwica et al (1988) PGFM was secreted at the initiation of infusion, suggesting that endometrial oxytocin receptors were present at the start of the experiment. By contrast, when Lafrance & Goff (1985) gave single intravenous injections of 100 i.u. oxytocin to heifers on Day 13 they did not record any such increase in PGFM levels up to 90 min after injection. Lafrance & Goff (1988) subsequently showed that in ovariectomized heifers a period of exposure to progesterone of 7-14 days was required to induce PGF-2rx release in response to oestradiol and oxytocin. No change in PGFM output was noted on Day 10 at the start of oxytocin infusions in the present experiment, the concentrations remaining consistent with mid-cycle basal release rates measured by other workers (Kindahl et al, 1976b Betteridge et al, 1984 (Heifers 3 and 6) , the flow rate of the pumps had dropped before removal. These 2 animals and Heifer 1 all had cycles extended by 2-5 days only, whereas the 2 animals (Heifers 8 and 11) with pumps still working at flow rates of > 11 µg/h at removal had their cycles extended by 5-6 days. It is possible that the observed extensions to luteal life-span were limited by the infusion time and might be extended further by a longer period of infusion.
The high concentrations of oxytocin in the circulation did not appear to affect follicular devel¬ opment, as progesterone profiles from treated heifers after pump withdrawal showed that luteolysis was followed by a rise in progesterone consistent with ovulation and luteinization.
There was no change in progesterone output at the start of oxytocin infusion (Fig. 3) , suggest¬ ing that oxytocin did not have a direct effect on progesterone release. In-vitro work by Tan et al (1982a, b) showed that low levels of exogenous oxytocin directly stimulated progesterone secretion from dispersed bovine and human luteal cells, whereas high levels had an inhibitory effect. However, these results could not be confirmed by Barrett (1987) using bovine luteal cells or by Richardson & Masson (1985) using human luteal cells. Although our results do not show an effect of oxytocin on progesterone secretion, found that spontaneous pulses of oxytocin in the mid-luteal phase were accompanied by release of progesterone in vivo, suggesting that a common mechanism may exist for controlling secretion of both hormones.
